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Abstract
Background: Given the worldwide proliferation of cellphones, this paper examines their potential use for the
surveillance of non-communicable disease (NCD) risk factors in a Middle Eastern country.
Methods: Data were derived from a national household survey of 2,656 adults (aged 18 years or older) in Lebanon
in 2009. Responses to questions on phone ownership yielded two subsamples, the ‘cell phone sample’ (n = 1,404)
and the ‘any phone sample’ (n = 2,158). Prevalence estimates of various socio-demographics and 11 key NCD risk
factors and comorbidities were compared between each subsample and the overall household sample.
Results: Adjusting for baseline age and sex distribution, no differences were observed for all NCD indicators when
comparing either of subsamples to the overall household sample, except for binge drinking [(OR = 1.55, 95 % CI: 1.
33–1.81) and (OR = 1.48, 95 % CI: 1.18–1.85) for ‘cell phone subsample’ and ‘any phone subsample’, respectively]
and self-rated health (OR = 1.23, 95 % CI: 1.10–1.36) and (OR = 1.16, 95 % CI: 1.02–1.32), respectively). Differences in
the odds of hyperlipidemia (OR = 1.27, 95 % CI: 1.06–1.51) was also found in the subsample of ‘any phone’ carriers.
Conclusions: Multi-mode telephone surveillance techniques provide viable alternative to face-to-face surveys in
developing countries. Cell phones may also be useful for personalized public health and medical care interventions
in young populations.
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Background
Low and middle income countries, worldwide and in the
Arab region, are undergoing a rapid rise in the burden of
non-communicable diseases (NCDs) with major adverse
economic and health impacts [1, 2]. Yet, capacity for pre-
vention and control, including national monitoring and
disease-surveillance frameworks, remains inadequate par-
ticularly in resource-scarce countries. Consequently, peri-
odic population-based surveys have been advocated as an
entry point to provide cross-sectional estimates of preva-
lence rates of NCDs and their risk factors. These surveys
have traditionally relied on face-to-face household
interviews, which are both costly and time-consuming [3].
Alternatively, random digit dialing (RDD) sampling and
landline telephone surveys have become increasingly used
in health surveys, notably in the Americas, for monitoring
NCD risk factors among the general population (e.g. the
CDC Behavioral Risk Factor Surveillance System in the
US and the Telephone-based Surveillance of Risk and Pro-
tective Factors for Chronic Diseases in Brazil [4, 5]). Com-
pared to household sampling, surveys using RDD are
typically faster and allow greater access to respondents, re-
gardless of their residence area or daily schedules [6].
Also, interviews using landline phones are less intrusive,
ensure greater anonymity and minimize social desirability
bias and interviewer effects [7, 8].
Today, however, with the worldwide exponential in-
crease in cell phone usage and concomitant trend of
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trading landline for cell phone services, the external valid-
ity of the landline telephone sampling frames has become
questionable [8, 9]. Recent U.S. data show that nearly
39 % of American homes do not own a landline and
1 out of 6 receive almost all calls on cell phones des-
pite owning a landline, increasing the percentage of
those ‘unreachable via a landline’ to approximately
55 % [10]. In Europe, the share of mobile-only house-
holds ranges from 3 % in Sweden, to 23 % in Ireland,
and 64 % in the Czech Republic [11]. This shift pre-
sents a number of methodological challenges to land-
line RDD, notably noncoverage bias [8, 9, 12]. This
form of selection bias arises from failure to include
some elements of the target population, threatening
the representativeness of the sample. Still, a high non-
coverage rate does not guarantee high bias, and the
reverse is true. Noncoverage bias may be trivial if
those who are covered by the sampling frame are
similar to those who are not in terms of the variables
of interest [13].
Despite the rising prevalence of cell phone ownership
worldwide, including developing countries, and the in-
crease in wireless households among all social and eco-
nomic segments of the world population, published
studies on cell phones interviews remain only a handful
from outside the Americas [11, 14–16]. Today, coverage
rates for the cell phone market have already exceeded
100 % (multiple cell phones per subscriber) in several
parts of the world, including the Middle East and North
African (MENA) region (e.g. 153 % in Qatar and 172 %
in the United Arab Emirates [17]). In Lebanon, a small
middle-income country in the MENA region (around 4
million population and a Gross Domestic Product of
9,284 USD per capita), the number of cell phone sub-
scriptions has more than doubled in recent years (34 %
in 2008, 66 % in 2010 and 81 % in 2013). This rise in
cellphone usage in Lebanon offers an appealing alterna-
tive to face-to-face interviews, especially that in Lebanon
(and other parts of the region) access to certain geo-
graphical areas may be physically challenging due to
conflict or presence of gated communities, and people
may have become more reluctant to let in strangers into
their homes given security concerns [unpublished obser-
vations, Ghandour et al.].1
Using data from the nationwide Nutrition and Non-
Communicable Disease Risk Factor Survey (NNCD-RFS)
in Lebanon, the present paper aims to examine in a
non-western context the magnitude and elements of
noncoverage bias when employing a ‘cell phone’ frame-
work or a dual ‘cell phone and landline’ framework com-
pared to a household sampling frame. More specifically,
our objective is to compare the population-based esti-
mates of key NCD indicators between each cell phone
and any phone subsamples with household survey
results. The ultimate goal is to estimate the potential
resulting non-coverage bias, and examine the extent to
which adjustment by age and sex reduce differentials
and, hence, noncoverage bias.
Methods
Study design and participants
Data were drawn from the NNCD-RFS nationwide
cross-sectional population-based study conducted in
Lebanon in 2009 by the Population Health and Nutrition
Group at the American University of Beirut (AUB). The
study followed the World Health Organization (WHO)
STEPwise survey methodology and was approved by the
AUB Institutional Research Board. The study sample
was based on the sampling frame provided by the Na-
tional Survey of Household Living Conditions, which
was conducted by the Ministry of Social Affairs/Central
Administration of Statistics in collaboration with United
Nations Development Programme (UNDP). Households
were randomly selected using multi-stage cluster pro-
portionate probability sampling. Face-to-face interviews
were conducted with one randomly selected adult (using
the Kish-method). The final number of respondents
(2,836) was comparable by age, sex and district distribu-
tion to the overall target population of residents in
Lebanon [18]. Hence our study is based on a nationally
representative household (HH) sample of adults gener-
ated from a household face-to-face survey. Respondents
were asked whether the household they lived in has a
landline telephone and whether they personally owned a
cellphone. Subjects with missing information on phone
ownership (n = 180) were excluded from the study, yield-
ing a final sample of 2,656 for the ‘original HH sample’
available for this analysis. The majority of the HH sam-
ple (n = 2,126; 80.0 %) had either a cellphone or a land-
line telephone (i.e. ‘any phone sample’); and about half
(n = 1,381; 52.0 %) had a cell phone, irrespective of land-
line ownership (i.e. ‘cell phone sample’). More specific-
ally, 780 respondents had a cell phone only, 744 had a
landline only, and a total of 602 respondents had both
telephone types.
Measures
Our survey included questions on socio-demographic var-
iables and household characteristics. These included sex,
age, marital status (single/married/divorced or widowed),
governorate of residence (Beirut/Mount Lebanon/North/
South/Bekaa/Nabatieh), education level (primary and
below/complementary/secondary or technical/university
and above), occupational status (do not work/governmen-
tal employee/non-governmental employee/self-employed),
crowding index, home ownership (yes/no) and insurance
coverage (yes/no). We created a crowding index reflecting
the number of household members divided by the number
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of rooms excluding kitchens, bathrooms and non-closed
balconies.
Moreover, and following the STEPwise interview
schedule protocol, the survey included questions on
NCD risk factors. For this analysis, 11 key self-
reported NCD risk factors and comorbidities were
considered: current tobacco consumption (cigarette
and waterpipe), past-month binge drinking, hyperten-
sion, diabetes, hyperlipidemia, cardiovascular disease,
asthma, weight and height (yielding BMI measure),
disability based on activities of daily living index, and
self-rated health. Tobacco consumption was assessed
by asking respondents, “Do you currently smoke any
tobacco products, such as cigarettes, cigars, pipes or
Shisha/water pipe?” We focus here on current
cigarette smoking and current water pipe smoking.
Binge drinking was defined as consuming five or
more drinks for males and four or more drinks for
females in one sitting at least once in the preceding
month. Reporting of health conditions was based on
a question that inquired whether respondents had
ever been diagnosed with the “disease” by a health
professional. Cardiovascular disease included heart
disease, peripheral arterial disease, myocardial infarc-
tion or stroke. Body mass index (BMI) was calculated
as the ratio of weight (kilograms) to square of height
(meters), and obesity was defined as a BMI of greater
than 30 kg/m2. Finally, self-rated health was assessed
through a single question asking respondents to rate
their overall health on a 5-point scale (excellent, very
good, good, poor or very poor); responses were di-
chotomized as very good and/or excellent versus good
and/or worse.
Analysis
The percent distribution of the different measures was
compared between each of the two subsamples (i.e. ‘any
phone’ and ‘cell phone’) with the ‘original HH sample’
using the one-sample test for proportion. Logistic re-
gression with ‘deviation coding’ was run, and both un-
adjusted and adjusted odds ratios (OR) and 95 %
confidence intervals (CI), controlling for age and sex, are
presented (uOR and aOR, respectively). Both the one-
sample test for proportion and the ‘deviation coding’ as-
sume that the subsample estimate is the ‘sample statistic’
and that of the household survey is the ‘population par-
ameter’. Using the direct adjustment method, the preva-
lence rates of the various NCD and health indicators
derived from the two subsamples (i.e. ‘cell phone sample’
and ‘any phone sample’) were finally re-estimated based
on the age and sex distribution of the ‘original HH sam-
ple’. All analyses were weighted, and were run using
SPSS (version 16.0) and Stata MP (release 12).
Results
Socio-demographic differences
A comparison of the socio-demographic characteris-
tics of respondents belonging to each of the subsam-
ples (‘cell phone carriers’ and ‘any phone carriers’)
and the HH sample is presented in Table 1. Those
with cellular phones were more likely to be male,
young, single, from Beirut (the capital city), of a
higher educational level, part of the labor force, living
in a less crowded household, and insured. The largest
deviation in the estimates was observed for insurance
coverage (absolute difference of 20.9 %), followed by
occupational status (16.7 %), education (13.0 %),
thereafter age, gender and marital status (range of ab-
solute difference: 11.3–12.8 %). With regards to ‘any
phone sample’ (compared to the HH sample), the dif-
ferences by gender, education, occupational status,
house ownership, crowding index,, although statisti-
cally significant, were very subtle (range of absolute
difference: 3.0–4.2 %). Percent difference (19.3 %) for
insurance coverage was however more obvious. Gen-
erally, however, larger absolute differences in preva-
lence estimates for sociodemographics were observed
for the ‘cell phone sample’ but not for the ‘any phone
sample’ when compared to the ‘original HH sample’;
hence, a larger noncoverage bias for the ‘cell phone
sample’ subgroup.
Health indicators
The prevalence estimates for the NCD behavioral and
health indicators were for the most part (9 out of 11
indicators, except for cigarette smoking and asthma)
statistically different between the ‘cell phone sample’
and the ‘original HH sample’ at the unadjusted level
(Table 2, uOR). Quite importantly however, the mag-
nitude of the differences was attenuated and findings
were no longer statistically significant when adjusted
for age and sex, except in the case of two indicators,
binge drinking and self-rated health (Table 2, aOR).
This was further illustrated by direct adjustment of
the estimates by age and sex, whereby percent differ-
ences were reduced to less than 2.0 % for all variables
except for binge drinking and self-rated health (3.2 %
and 2.9 %, respectively). Differences for two additional
health indicators (high blood pressure and cardiovas-
cular diseases) were also reduced by about 35 % but
remained borderline statistically significant (Table 2).
Comparing the ‘any phone sample’ to the overall
population at the unadjusted level, differences were
noted for a lesser number of indicators (4 out of 11;
Table 3, uOR), which did not change appreciably after
controlling for age and sex; specifically, differences in
estimates of binge drinking, hyperlipidemia, and self-
rated health remained statistically different even after
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Table 1 Comparison of the sociodemographic characteristics of the ‘cell phone carrier’ and the ‘any phone carrier’ subsamples to
the ‘original HH sample’
Original HH sample (A) Cell phone samplea (B) Any phone sampleb (C) p-value (B vs. A) p-value (C vs. A)
NA % nB % nC %
Total 2656 100 1381 52.0 2126 80.0
Gender
Male 1238 46.6 799 57.9 1054 49.6 <0.001 <0.001
Female 1418 53.4 582 42.1 1072 50.4
Age Group
18–34 years old 1237 46.6 820 59.4 1003 47.2 <0.001 0.602
35–54 years old 961 36.2 421 30.5 747 35.2 <0.001 0.310
≥ 55 years old 456 17.2 140 10.1 373 17.6 <0.001 0.666
Marital Status
Single 1069 40.3 723 52.4 881 41.5 <0.001 0.289
Married 1424 53.6 605 43.8 1113 52.4 <0.001 0.249
Divorced/widowed 163 6.1 53 3.8 131 6.2 <0.001 0.891
Governorate
Beirut 273 10.3 197 14.3 239 11.2 <0.001 0.154
Mount Lebanon 979 36.8 540 39.1 772 36.3 0.078 0.653
North 601 22.6 282 20.4 454 21.4 0.054 0.178
South 289 10.9 152 11.0 244 11.5 0.897 0.384
Bekaa 349 13.1 146 10.6 286 13.5 0.004 0.629
Nabatieh 165 6.2 64 4.6 130 6.1 0.014 0.928
Education
Primary and below 545 20.5 131 9.5 354 16.7 <0.001 <0.001
Complementary 663 24.9 302 21.9 508 23.9 0.008 0.292
Secondary/Technical 681 25.7 369 26.7 563 26.5 0.388 0.413
University & above 767 28.9 579 41.9 701 33.0 <0.001 <0.001
Occupational Status
Do not work 1426 53.7 511 37.0 1052 49.5 <0.001 <0.001
Governmental employee 165 6.2 111 8.0 151 7.1 0.080 0.087
Non- Governmental employee 515 19.4 373 27.0 438 20.6 <0.001 0.162
Self-employed 550 20.7 386 28.0 484 22.8 <0.001 0.019
Crowding Index
< 1 person per room 692 26.1 436 31.6 634 29.9 <0.001 <0.001
≥ 1 person per room 1955 73.9 942 68.4 1484 70.1
House Ownership
Owned 1885 71.0 984 72.1 1550 73.7 0.647 <0.001
Rented 744 28.0 381 27.9 552 26.3
Insurance coverage
Covered 1139 42.9 880 63.7 1321 62.2 <0.001 <0.001
Uncovered 1517 57.1 501 36.3 804 37.8
a‘Cell phone sample’ included those who reported owning a cell phone, irrespective of landline ownership
b‘Any phone sample’ included those who reported having a cell phone or a landline
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adjustment (Table 3, uOR). In summary, adjusting for
age/sex reduced the differences in the estimates in
the case of the cellphone to 2 indicators (suggesting
that most differences can be accounted for by age
and sex adjustment), whereas the number of differ-
ences in the any phone sample was not affected.
Discussion
Our nationally representative study is the first to exam-
ine the noncoverage bias associated with the use of tele-
phone surveys for NCD surveillance in Lebanon and the
region. The findings presented are of great relevance to
the Arab World and developing countries. They provide
Table 2 Prevalence estimates, odds ratios (OR) and 95 % confidence intervals (CI) comparing the ‘cell phone sample’ to the ‘original
HH sample’










Current cigarette smoking 34.7 35.5 1.04 0.95–1.13 1.06 0.96–1.17 36.2
Current water pipe smoking 25.0 29.8 1.31* 1.18–1.45 1.09 0.98–1.22 26.2
Binge drinking in past 30 daysa 11.7 17.4 1.87* 1.62–2.17 1.55* 1.33–1.81 14.9
Health Conditions
High Blood Pressure 14.0 8.7 0.62* 0.55–0.70 0.85* 0.74–0.98 11.9
Diabetes 6.4 5.2 0.82* 0.69–0.97 1.13 0.93–1.37 6.9
Hyperlipidemia 13.3 11.2 0.83* 0.73–0.93 1.10 0.97–1.26 14.2
Cardiovascular disease 7.0 4.1 0.62* 0.52–0.73 0.82* 0.67–0.99 5.2
Asthma 6.1 6.4 1.05 0.88–1.25 1.05 0.87–1.28 6.5
Obesity (BMI≥ 30 kg/m2) 24.4 20.7 0.80* 0.72–0.88 0.93 0.84–1.04 23.2
Disability 1.8 1.3 0.72* 0.53–0.99 0.90 0.63–1.29 1.5
Self-Rated Healthb 32.0 39.1 1.51* 1.33–1.62 1.23* 1.10–1.36 34.9
aBinge drinking is defined as consuming five or more drinks (male) or four or more drinks (female) at least once in past 30 days
bvery good and better versus good and worse
cuOR: unadjusted odds ratios comparing ‘cell phone sample’ to total household population sample; aOR: odds ratios adjusted for age and sex
*Asterisk indicate statistically significant results (p value < critical alpha of 0.05)
Table 3 Prevalence estimates, odds ratios (OR) and 95 % confidence intervals (CI) comparing the ‘any phone sample’ to the ‘original
HH sample’










Current cigarette smoking 34.7 34.7 1.00 0.89–1.11 0.95 0.85–1.07 34.8
Current water pipe smoking 25.0 25.5 1.06 0.93–1.21 1.05 0.92–1.19 24.3
Binge drinking in past 30 daysb 11.7 13.3 1.63* 1.31–2.02 1.48* 1.18–1.85 12.5
Health Conditions
High Blood Pressure 14.0 13.4 0.89 0.76–1.03 0.85 0.72–1.01 15.3
Diabetes 6.4 6.8 1.26* 1.01–1.58 1.25 0.99–1.56 7.7
Hyperlipidemia 13.3 14.2 1.23* 1.04–1.46 1.27* 1.06–1.51 15.7
Cardiovascular disease 7.0 7.2 1.10 0.88–1.37 1.07 0.83–1.38 8.3
Asthma 6.1 6.0 0.94 0.75–1.18 0.94 0.75–1.19 6.0
Obesity (BMI≥ 30 kg/m2) 24.4 24.3 0.95 0.83–1.07 0.95 0.83–1.08 25.6
Disability 1.8 1.7 0.84 0.60–1.18 0.78 0.54–1.12 1.9
Self-Rated Healthc 32.0 33.1 1.23* 1.09–1.39 1.16* 1.02–1.32 31.6
auOR: unadjusted odds ratios comparing ‘any phone sample’ to total household population sample; aOR: odds ratios adjusted for age and sex
bBinge drinking is defined as consuming five or more drinks (male) or four or more drinks (female) at least once in past 30 days
cvery good and better versus good and worse
*Asterisk indicate statistically significant results (p value < critical alpha of 0.05)
Sibai et al. BMC Medical Research Methodology  (2016) 16:64 Page 5 of 8
evidence that phone-based surveys are likely to offer a
viable alternative to the expensive and time-consuming
household surveys, and could also be used to provide real-
time monitoring of health events at the national level.
Using the same dataset, we had previously shown that
using telephone surveys may provide a valid and cheaper
alternative to household interviews [19]. We were able to
demonstrate a high level of agreement in responses and
information gathered using cell phones and face-to-face
interviews, while saving approximately $14 per participant
(close to 35 % less cost) in cell phone interviews [19].
Findings from this present study further indicate that
while cell-phone sampling frames may yield samples that
are socio-demographically different from household-based
samples, ultimately the magnitude of the differences in
the prevalence rates of various NCD indicators becomes
negligible once adjusted by age and sex distribution of the
overall target population. This is similar to previous find-
ings reported in the West [12, 20]. Specifically, adjusting
for two basic demographic characteristics (age and sex) re-
duced the percentage point difference between the sub-
group and the target population for the majority of NCD
indicators, hence mitigating noncoverage bias. Altogether,
cellphone surveys seem to have great potential for enab-
ling decision makers in developing countries to collect
data in a timely manner.
Still, biased estimates for certain health indicators,
specifically binge drinking and self-rated health, may
continue to exist even after age-sex adjustment. The
inflated estimates of binge drinking in both subsam-
ples (‘cell phone’ and ‘any phone’) are likely to be ex-
plained by the ‘wireless lifestyle’ [21], serving as the
driving force for an active social life associated with
binge drinking. Post hoc analyses of our data showed
that cell phone-only adults (n = 780) reported the
highest rates of binge drinking (19.7 %), followed by
the ‘any phone’ subgroup (13.3 %), then the landline-
only respondents (5.8 %). Indeed, the most consistent
finding in the literature examining cell phone-only
generation is that they tend to be young and to have
distinctively higher rates of smoking and binge drink-
ing, re-enforcing the fact that significant noncoverage
bias would be introduced if the subpopulation of cell
phones only were not included in a RDD sampling
frame [9, 22, 23]. Our results are also relevant to the
more recent worldwide developments encouraging the
use of mobile health (mHealth) applications [24],
when trying to reach high risk populations for health
promotion purposes (e.g., binge drinkers in our case),
or for treatment compliance and appointment
reminders.
Furthermore, our finding that self-rated health
remained different in both comparisons (even after ad-
justment by age and sex) may be due to the fact that
perception of one’s health is subjective in nature and
perhaps is very sensitive to a variety of social, psycho-
logical and physical health aspects as well as broader re-
sources such as financial and economic well-being [25].
Until future research further examines and better under-
stands the underlying reasons for these observed differ-
ences, our finding should discourage researchers from
attempting to investigate subjective measures of health
in future phone surveys.
Limitations
Our findings should be interpreted in light of some
study limitations. First, the estimates provided in this
paper reflect ‘theoretically’ what would be the noncover-
age bias if cell phones or dual phone lines were used in-
stead of face-to-face household interviews, and do not
represent actual findings from telephone-based sam-
pling. Our study is also based on self-reported data of
phone ownership and may be subject to information
bias. In the adjusted analyses, we presented findings con-
trolling for only respondents’ age and sex distributions,
because further analyses [available upon request] add-
itionally controlling for marital status, education and
governorate of residence yielded essentially similar re-
sults. Thus, we opted to present findings estimates from
the more parsimonious model in keeping with the larger
goal of this research, which is to examine the practical
viability of conducting phone surveys in challenging
contexts without jeopardizing the validity of the survey
estimates. From a practical point of view, national data
on age and sex may be easier to obtain in contrast to
data on additional confounders.
Telephone surveys also have their own challenges
such as nonresponse bias, particularly that response
rates have been on a precipitous decline [26]. How-
ever, the decline in response rate is becoming a major
concern for all modes of data collection, including
household interviews [27]. Yet, cellphone nonresponse
issues may be more challenging in some settings than
others. Previously, we showed that these issues do not
constitute a serious threat to RDD surveying in
Lebanon: of the 771 cell phone numbers contacted
for a re-interview, only 4 % were not reachable be-
cause the cell phone number was temporarily or per-
manently out of service, 5 % were found to belong to
other than the selected participant, and 8 % refused
to participate [19]. Moreover, an important and highly
relevant aspect to cellphone surveys is the fact that
incoming calls in Lebanon are free of any charge, un-
like in other contexts where respondents may be
charged for incoming calls [28]; hence, in Lebanon,
respondents would bear no financial repercussions if
they were to participate in the telephone survey, a
factor that is likely to reduce non-response rate.
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Conclusions
In Lebanon as in many other countries, cellphone cover-
age is increasing and cellular phones are reaching a wide
range of socio-demographic subgroups in the popula-
tion. Hence, health surveys based on cellular phones in
developing countries have the potential of reaching a
representative sample of the population. This is contrary
to landlines, which are becoming more expensive and a
mode of telecommunication for only a select group of
general population [i.e. would not represent on their
own an adequate sampling frame especially for younger
adults].
Our study suggests that cellphone surveys could be in-
tegrated into current existing systems for NCD surveil-
lance and health monitoring. It also suggests that we
may reach different segments of the population when
using different data collection modes in population-
based surveys, and that cell phone surveys, in particular,
may be useful in reaching at risk young populations,
supporting the use of mobiles for personalized public
health and medical care interventions. The fact remains
that certain individuals may still prefer one method over
the other and it may be time to accept these differences
and apply a multi- mode system for national surveil-
lance. Indeed, telephone surveys may be conducted on a
yearly basis while household surveys less frequently.
Data from both sources when conducted in the same
year could be used to adjust for bias in the telephone
surveys in the years between.
Multi-mode telephone surveillance techniques provide
viable alternative to face-to-face surveys in developing
countries. As the demand for regular health data in-
creases in the region and elsewhere, more research is
needed to examine the feasibility and validity of dual-
mode or multi-mode surveillance techniques in health
research or the proper surveillance and monitoring of
major health indicators.
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